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I.    iNTROOtUTION. 

Ahhough  invmtigation  of  the  prol.lt  nu  of  rtnal  i«frcti«m  ha»  Riven 
us  notnt-  informal  ion  riKardiiiu  th-  inaiuur  in  which  the  kiifiuy  carrirt 
out  it*  fum-tiunn,  it  ha»  hithtrto  thrown  very  little  light  on  ihr  iharat  t.  r 
of  the  cvllular  pr<K:ti»»i«  whidi  aro  finulaimntally  conttrtUHl  in  the 
elimination  of  nattit  and  naiabolit.s  from  the  blo«Kl  by  the  n-nal  ivihiiltM. 
Thin  i>  in  large  |)art  due  to  thi-  fart  that  although  our  tytologii.il  and 
histological  nu'th<jdH  arc  highly  di'viloixd.  yi't  the  result,  which  tluy 
give  when  ipplicd  tu  the  kidney  tlo  not  enable  u»  to  understand  how  a 
renal  cell  arts  when  ptrforniiiig  the  excretory  function.  Wc  ran  by  the 
application  of  hi»tol(»gical  and  cytological  niethcxls  dinfinguinh  stage*  in 
the  activity  of  the  cells  in  the  pancr.  aiic  and  |Hptic  tubules,  and  we  arc 
able  to  recognize  the  presence  in  these  cells  of  the  antecedent  substances, 
the  zymogens,  of  the  fermetUR  which  the  glands  produce.  The  changes 
which  we  distiitguish  in  such  gland  cells  do  not  give  ms  a  very  profound 
view  of  the  processes  of  cellular  secretion  involved,  for  those  changes  a-. 
we  observe  them  are  of  a  more  or  less  superficial  character,  but  in  the 
renal  cells  the  changes  which  precede,  or  arc  consequent  on.  rest  and 
activity  are  much  less  in  evideiiti-.  It  ha.s  indeed  been  claimed  that  in 
the  active  renal  cell  there  are  'Vcretion  vehicles"  which  arc  not  present 
when  the  cell  is  at  rest  or  is  relatively  inactive,  and  more  or  letis  marked 
vcsiculation  of  the  free  border  of  the  renal  cells  obtains,  under  the  inHuence 
of  powerful  diuretics,  but  the  "secretion  vesicles"  arc  held  by  some  to  be 
artefacts,  and  the  vcsiculation  of  the  free  border  is  not  necessarily  an 
indication  of  the  processes  which  the  cell  under  ordinary  conditions 
undergoes. 

The  failure  of  cytological  methods  to  reveal  fully  the  cellular  pro- 
cesses of  renal  excretion  has  made  it  necessary  to  employ  other  lines  of 
investigation  on  this  subject.  In  the  microchemistry  of  the  cell  from 
its  inorganic  side  there  are  methods  some  of  which  at  least  are  already 
available  for  developing  to  a  certain  extent  a  knowledge  of  rhese  pro- 
cesaes,  and  it  is  probable  that  a  full  achievement  of  that  knowledge  ivill 
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"f'.f ,  *'^  rr    '*••"   ««•   o(    «ho.r    mrt»wd,.   .prrklly   •.l-nt«l     .,- 

rc^-ah  of  *h.ch  th*  pr«c«t  contribution  i.  the  outcome. 

n.   MeTNOIM  or   iNVtiTIOATIOM 
The  fneth<xl  uird  i.  that  fully  d^ribed  by  Profe-or  Marallum  r«, 

the . Jii:!*:^:;";:,::  rr^^n't^  ''^  ^-'-  '»"•  -'^  ^'-^y 

BUcial  acr.ic  diluted    oVj)       A  '""'"^  *''*^  ^' ''  '°  •^•*- 

trace  of  fxita«.ium  h  J\!.  ^  '"'  •*""'  ^°""''  *hcn.  if  any 

varie..  however,  with  the  pota«ium  «Ut  conLt  nf  .K  •  ~'"P*''"«°" 

a^«^  Of  chro..  ye.£:  cr^n Z^;^^^- ^^^ 

condition,      hwj «  ^t  :i^       u"T  *  P^'^'^'^  ''"''•  "°™*' 
tome.  Where  U  Z  t^^Si^^^^ZTS':.^:^^^^^ 
placed  immediately  in  the  reaKent       H.  r.  1!^  T    ^'  ^"""  "'  *"^ 
of  the  techr  que       Fi«7  th!  ^  l^  /^'''"P"  ^^^  *^"'"*'  ?"'"» 

perfectly  fre.h       In  th^VcnnH  T  '""'•'  '^  ''"""  ^^^'^^^^  ''"^  wh.le 
L:f        V    u  ■*'*^°"^  P'**^*'  "  «  absolutely  eaacntial  thaf  »K, 
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?^",T\l  .a"  "'"';'  ."•■**'""  '"'"''••  '"""•'""  "f  '»»••  -'«-.  *"  »»'«'h 
r^^  r  ^?  «h^|  ••••uml.it  in  .h.  living  ,i«„..  Kvrn  *i.h  .K.-  «r,„rM 
h  U  K."  "  *'"  *'•""  "  '"""  •"•'  "•"-  ""''-  •'"»—'  "'  -"mi- 
pru.rly.rra.. I,  N..,|>  ,,1  ,h.  .Ira^^i-.K,  ..f  ,h..  pl....,  .,f  .hi,  . '  uri- 
bu.l..n  h.vr  l.„„  nu.K.  fru„.  ...,(.,„.  ...  „,..  ,.r.  ,Mra.,..n  of  m...  I.  ,|..^ 

u«J  U .  „  ahn..,  wh..|Iy  pnv.  ,.,..1       11,..  «■, .  i..,.  w.  ,.• .  u.  .,  ,o  ...  ,.,i 
Uw  .hi.  km,-.  .l.|Mii,lm,{  ,„i  ,ht.  firm.u«  <.(  ch.-  ii«.i.- 

The  ,«t.i..n.  w.r..  ull..w..|  .„  r.  ,n...n  in  ih.    naRm,  i,„m  .hrrc 
quartm  ot  un  h..ur  t„  an  h-ur  a.ul  .,  half.  ......nling  ,.,  ..mv.ni.nrr. 

The  l.>,.ger  i.mc  »«  pr.-(.-ral.l,-  tu  ,,..ain  Intur  fi,a.,on  of  ,1...  , \.ur 
Thvy  wrrr  .h.n  wa,h..|  K-nely  fro,„  |,..lf  ....  ho„r  to  .,„  |..,ur  i..  i.v..o|,l 

watrr  wh,c,  wa«  l,..,,....,ly  .hanK..|       Thi,  .Ii..olv..|  ih.-  u.u,„nt,in,d 

nagent  ami  th.-  prr.ipi.a....  whi.h  .h.  naurn,  for„„  with  rr.a.in  ..r 

ammo«,um..iU.,     I.m,....l,atcly  af..rwa>hinK.  .h..«..  ,i..n,*..r..  n,o„nr..l 

on  a  K!a«.  .J,.!..  i„  a  n.ixtun-  of  ...ual  part,  of  y,  iht  ..nt,  glyvrim  and 
concent ra.jil  ainmonitim  nulphi.l.'  »o|.ition. 

After  thi.  tr.atm.nt  ih.- .liMril.u.i....  of  pota«ium   In    .!..■  «r(ion. 

wa.  rcvcaW  l.y  the  |.Kaii/ation  of  .h.-  hi...  k  pr,-.  .pi,a,..  ,l«..  ,o  ,h.  (orma- 
tSon  of  cobaltou.  .ulphi.lo.       Th.-  .,ai..i„K  of  ,he  pr..para.i..n  l.y  the 
reagent  ..Kir  vari...  in  colour  fn.m  a  .l.-,p   l.rowni.h    y.ll  ,w  t.,  a  lieht 
gray.      In  animal  tiMuc.  I  have  foun.l  th..  „„.|,.i.  if  ai.par.-.,..  .„  U-  »n 
irom  their  li^htir  c.»lour  an  r<.n.par..|  ^^i.|.  ,(,.•  nm  of  th.-  mtion     In 
nerve  celb  the  .>utki  art-  Maimd  mu.h  .I.-..,m  r.  an.l  Pn.f. .«,r  Ma.allnm 
•tate.  that  m  vegetable ..  IU  they  are  H.ai,.e.l  .till  .l....,«  r  an.l  of  a  r.  .l.luh 

shade       This  i»  probably  due  to  tlu-  nitrout  aei.l  reaction  aflfectinK  the 
cytopla«m  and  the  nuelear  mat.  rial  .lilfen  nily. 

That  the  uncon.bim-.l  reagent  i..  rea.lily  rem..ved  from  the  ^rtioni 
by  washMg  with  ice-col.1  water  has  be-n  many  timen  .h.m,.  in  prepara- 
t.on»  of  which  Fig.  I  is  repr,H.„t  i.ive.  Thi.  wa.  .Irawn  fro.,,  a  h, e.iun 
which,  immetl.ately  after  ii  was  ,ut.  was  put  in  .listill.  d  wa,.  r  m  remove 
all  the  pota»».um  salts  present,  then  pl..,,,l  in  the  reaKe.u  an.l  tre.it.d 
further  a>  demriU-d.  The  ab.s..„ce  of  a  black  r.ae.ion  or  ..f  a  .lark 
shading  in  the  preparations  h  evidence  that  all  the  cobalt  reagent  has 
been  extracted. 

Frog»  were  largely  used,  other  a-iimaU  an  ocasitm  offered  The 
frogs  had  been  kept  in  a  cool  ta,ik  until  January,  and  so  were  con- 
sidered to  have  cea«ed  to  ^-crttc  atlively.      Hence  they  are  referred  to 
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a«  iK-inR  in  a  condition  of  inanition.     This  condi.ion  was  varied  by  ki-er- 

.ons.  ,n,o  the  dorsal  lymph  sac,  of  various  diur.ti.s.      In  s.,me  instances 

^tn  i"n  .r      ?"      "".  '^l:. '""^'^  "'^-      ^^•*-'''  ••"  ">-  P""""  a^ 
Rucn  m  the  index  to  the  Fignres.      The  various  animals  used  were 

Necturus,  frog.  dog.  cat.  rabbit,  and  pigeon. 


III.  Results. 

tionslVrll't  ''"'"'^  ^"'  'u'  •"""'"""  ^"'R  ^''"'^  ^^'^^^  h'-avv  condensa- 
t  ons  of  potass.tun  abcut  the  iHriphery  c.f  the  .ubulcs  and  at  'the  mareins 
o  tlu.r  lununa  (f.,.  .,  ,w,ieal!y  no  ..tassinn.  was  f.-u  ul  in  e 
cy.opla.sm  except  m  the  region  bordering  on  the  lumen,  ahh  ^h  h  • 
ceUubr  outhne  wa.s  not  sufficiently  evid..nt  to  state  d..finitely  in  he 
majcnty  of  instances  whether  it  was  within  or  without  the  cdl  Bv 
comparison,  however  of  a  large  number  of  prepara,  i„ns  obtained  under 
diffe  ent  conditions  the  .x-ripheral  dejK,sit  was  jt.dged  to  be  on  th  •  >  mph 

r:arrt:r;ur"^-  ^'^  ---■  ^-^^^  ^^-  ^"  -  "o. 

periphery  o  the  tul  ales  and  frequently  about  the  lumi  .a  as  wtr  Thi 
was  shown  In-st  in  the  frog  under  a  mild  .kxtrosc-  .iiueslsHg  3)   al^ 
jn    he  frog  under  moderate  so<lium  sulphate  diuresis  (Fig.  4  .     t  tt 

llL  Ir  '""  ""'^  '"'^  ""^^  ''''  P^^'^'""''  '°  '"i-*-'  to  lower  Z 
blood  pressure  so  as  to  prevent  a  flow  of  urine  and.  consequently  he 
actual  localization  of  the  potassium  in  the  active  kidney  "."roreeSen, 
llTttr  ^"'"^"''-  -"  ^  ^'-rly  recognized  as  being  ex  e^Il 
the  lumen  ^^  '"'  ''"'  ^*-'"^^^'  ^  ^"'^  '"  ^^^  ^y^^^lasn.  bordering  on 
In  cases  of  excessive  diuresis  the  conditions  were  less  uniform  th. 
potassium  being  found  on  the  intercellular  mel  an      in    hTTmra 

mauccd  by  an  inject.on  of  po"  ssium  salts,  frequently  diflused  thro.mh 
out  the  cytoplasm  as  well.      This  distribution'was  mnT^"tte"wfth 

th Tf^oTaJter'e'xT"'  h"  '"°""V°'  ^'^^^^'^'""^  '"  '^^  P^P--'-  ^"'n 
^ium  sulohrT"''  TJ^'  'I''''''''  ^^"'^'-  5)'  -"^  also  after  excessive 
sodium  sulphate  diuresis  (Fig.  6).      No  potassium  was  found  throueh- 

Tr^rus  ons  whth  h  "'"""'  '°'^'"'"  ^"'P*^^*^'  diuresis  showed  curious 
protrusions  which  by  comparison  with  stained  preparations  were  recog- 


mi^'4!mMi^H;^mm!t ::  :c^ 


^ 


*;!i»:.:_.:^. 


I9ia)      On  thi:  DnTRinimov  of  Potassium  in  Ri  nal  Ci  lis      393 

nized asmiKratinR Kurocytcs  f Fip.  7a).  pn.tnuIinK r, «1  I,I.,.k1  n  'U  (Fii-  7/,) 
and  epuhclial  cells  (Fi^.  7').  These,  w.n-  f..,uul  in  r.-stricf,l  rcKums 
of  the  kidney  whtro  larRe  numlnTs  of  Unuocytcs  had  Kathin.l  the 
excess  of  diuretic  apparently  having  acted  as  an  irritant  prcKlu.ini;  a 
necros.8  similar  to  the  con.lition  fonnd  in  preparations  front  th.-  kidney 
of  a  doK  which  had  lH>cn  treat., i  with  cantharidin.  Whether  the 
■trikuiK  aggreKation  of  j^tassium  salts  on  the  surface  of  these'  structures 
IS  due  to  precipitation  or  condensation  it  is  tlifficult  to  s.iy.  It  apinars 
to  be  analogous  to  that  found  by  Professor  Macalhim  in  the  root  hairs 
of  Equtsetum  anense  and  in  the  outgrowing  processes  of  conjugafinR 
Spirogyra.  " 

Where  the  excessive  dinresis  was  occasioned  l.y  injection  of  potas- 
smm  salts,  e.g.,  iK.tassium  p.iosphate.  a  similar  distribution  was  ,.l,ser%'ed 
(Hg.  8),  accompanied,  as  one  would  exjH-ct.  by  an  increase  in  the  amount 
of  potassium  present.  Not  only  were  the  intercellular  membranes  and 
the  surfaces  of  the  nuclei  heavily  charged,  but  the  ,)otassium  was 
frequently  found  throughout  the  cytoplasm  as  well,  either  in  a  sort  of 
network  or  else  distributed  fairly  uniformly.  The  rapidity  with  which 
an  iodide  penetrates  tissues  was  demonstrated  in  one  animal  injected 
with  potassium  iodide  and  killed  five  minutes  later.  The  heavily  loaded 
tubules  showed  diflerent  states  of  actixity.  In  the  inactive  tubules,  as 
Illustrated  m  Fig.  9.  the  potassium  icxlide  was  more  or  less  irregubrly 
distributed,  but  in  the  very  active  tubule  the  salt  was  chiefly  condensed 
on  the  external  surfaces  of  the  tubules  and  in  the  cell  at  the  lumen 
border  (F"ig.  10). 

The  preparations  from  the  kidney  of  a  dog  which  had  been  under 
A.C.E.  anssthesia  for  two  hours,  and  in  which  the  kidney  would  thus  be 
in  a  fair  state  of  activity,  illustrated  the  peripheral  and  central  condensa- 
tions most  strikingly  {Fig.  11).      The  piripheral  condensation  was  more 
f  c-quent  than  the  central,  the  latter  being  oftener  seen  when  the  urine 
.low  was  checked  by  pithing.      Where  the  tubules  had  been  throNN-n  into 
activity  by  phloridzin  the  same  distribution  was  found,  differing  only  in 
that  the  condensations  of  potassium  were  distributed  more  uniformly 
about  the  tubules  and  a  larger  proportion  of  the  tubules  manifested  the 
condensation  (Fig.   12).       It  is  difficult  to  illustrate  this,  as  one  only 
comes  to  this  conclusion   after  examining  a  considerable   number  of 
preparations,  but  I  have  endeavoured  to  select  tubules  representative 
of  each  condition.       In  thest>  preparations,  in  all  of  which  the  different 
regions  of  the  kidney  could  Ik  recognized,  the  localization  was  found  in 
the  convoluted  tubules  and  in  the  loops  of  Henle,  but  in  no  case  was  a 
distinct   localization  evident   in    the  region  of  the  collecting  tubules 
0>*ing  to  the  unstained  nature  of  the  preparations  it  was  impossible  to 
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Similar  condensations  were  found  in  the  rahJ.it.  But  comoarin,. 
the  secfons  of  the  ki.l.u.y  from  the  pithed  anin.al  (Fig.  ,3  aTwS 
had  been  excsed  before  the  injection  of  the  dextrose  wi^kho^fr^J^ 
the  remamtng  k.d,u-y  (Fig.  ,4.  a,  h)  after  it  had  been  .u t'i  onT^yT 
d.uret.c.  a  d,.t.nct  difference  would  Ik-  seen  l..tween  ,h  two  n  L 
inner  porfon  of  the  boundary  ...ne  from  the  former  kidny  there  w  re 

the  lumen  as  compared  with  thos«-  from  the  san.e  region  in  tcd^^t 

active  .nd  inactive  r^^V:^^^^^^ ^ZlZ^SZ 
bcms much  more  d.fiiiiic  and  uniform  ^ 

.„H  J™!  'f  "'if   '''  "'"'  '*""  "■'«■  ■**  "I""  «vi<lt.„ml  ,ho  peripheral 
't^r^Tlr^tTT''    .'"  T™  '""'"•'■"™  ''""■  "'«  kSu?,»  a 

.rhititr'^'^Thi''''-  •" '  ^--r-  ;<-  ■^™' .'".itir: :  rz 

ccliuiafra. iTr^hau  ^^7Z:^ur"rlr  "'"'  'T*!'  '"  ^ 
ob.„cd  in  pr..para,i.™  „,  ,C  ptc™!  rrom^wl  '"'"""■"'  -"" 
would  tt'"T    "!■""  ""  '"'""  "■•■"■■'I  '  '!■"«■  l>ri».ic  pattern  which 

i^fiuS'^,„"'.iirr;5^™he:i:,i:i,,r^:::L-';:r'--» 

rrom  .ho  dog',  .iducy  ,hc  1  Jmem  nli^ntuiL  .thr^^d 

nucTou"  '"'"'""  ""  »""  >»"»»'■'"'  <lom„„s,ratc-d  in  Tell 

l„.7^"  ••'■'"/oticemrations  of  potassium  were  the  result  of  actual 

i^lr„,T       ■*■■ '"'""''""  ^'"'^  '"  ""  "'"'•«■>'.  and  not  a„efactrw^ 
apparent  from  ,n,pec„o„  of  the  section,.  They  could  not  have  bl  S 
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Here  .ould  b,.  ,l,e  l,r»i  pre„piiari„„.  anj  ,o  this  .ould  diHusc  not  o,dv 

Uym  w™  afetcd  by  this  fi„,  iLi„  "tHr.  .,  t  e  «  t^X:: 
the  reagent  would  penetrate  the  c>t„plasm  more  quieto  than  the 

3dreTu,r '  """^  ""■»'"  ™  '^'  ---'  ^«-T,he^;';:;a™ 

of  the  secuon.  V\  hat.  however,  may  be  couMclered  the  strongest  argumen! 
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for    , ho    normal  character  of  the  rr,ult   U   that   in  the  wme  Miction 

he  region*  of  the  « c»n  olute,l  tuhules  an.I  Henlc's  Ux.pn  »howX  iSi^ 

t.on  wh.le  the  regions  of  the  collecting  tul.uk.  do  nor    If  I  werc^uet 

an  artefact  CHeuMoned  in  the  freezing  ur  subsequent  trea  menT  he  whok 

wi  raT:;  ;  ""'"""•  ^*""'  •"^■^  ^  ''>^-  f- '  ^^^^^  '«  many  ubt?i* 
*h  re  a  ,ut  and  an  uncut  surface  can  Ik-  .listinKui„hed.  the  uncut  surfac^ 

It  "'T  ',  "  'T'"""'"  ''^'P*""  *'•"•'  '^'  -"t  section  will  be  ent  dy 
ircc  Further,  those  tubule,  that  evidence  the  i.ualization  are  as  a  ^le 
more  heavily  stamed  by  the  reagent  than  those  that  do  not  exh.bit  i 

1^  tZ'      "  '"'  """'"*"'"  '"  '''  '*°  •"''--  -"-" 'i-  'n 

IV.  Discussion. 

to  th'!.^*''''  "*""""'""  *""  *''"'""  l^y  Professor  Macallum- two  years  ago 
to  the  vanouH  ^ugge^tums  that  surface  tension  might  play  a  part  ii  dS^ 
feren  processes  of  the  living  organism.  He  hasdiscuLd'hcse  sugge  ion; 
and  expanded  th-m  to  apply  to  cellular  activity  in  general  In  an^ 
^^^  .Pt  to  relate  surface  tension  to  renal  function  one  must  bear  in 
m.  ,.  that  protoplasm  is  of  more  or  less  colloidal  nature,  and  alsoThat  t 
s  lumg  matenal.  What  factors  m^xlifying  the  ordinary  force" o^su 
face  tension  this  u.troduces  have  not  been  fully  investigated    but    », 

Its  action  m  relation  thereto  may  be  permitted. 

in  tZ,\^i''7  *""■"'•  '^'"■"'"  ^o"«'dered  individually  or  collectively 

n  the  tubule,  form  peripherally  a  system  with  lymph.cytopla.srS 

faces   a  condition  somewhat  analogous  to  a  liquid-lk,uid  interfTci    the 

f  the  lumen  be  filled  with  fluid,  a  cytoplasm-fluid  interface  would  resuh 
though  If  the  tubule  were  collapsed  this  would  not  obtain  Now  fa- 
drop  of  liquid  surrounded  by  air.  organic  substances  lower  the  sur^^ce 

h  t:  ttt'^e^  rr  ^  ^'""^  "J^  "•  "'^"^^  •"  -ordan; tth 
^1!.  '''^'^^"^'^Ky  tends  ever  to  a  minimum  in  a  system,  the  oreanic 
sou  e  IS  found  concentrated  at  the  surface  of  thedrop.while  he  ino  gal 

drip     T^r-        ;r  .''  V'^  "•'^^'^  ^  ^"^^^^^^  -'^^  »»>^  interior  oUhe 
drop.     This   ,s   called    the   Gibbs-Thomson   principle,   and    had   hoZ 

cxpressc-d  mathematically  in  a  formula  deduced  b^G  bbs  for  the  ^n 

centration  of  one  of  the  phases  at  an  interface  se^aratLg  I    wol'ai- 

.        aucLe^h     ^r  '  f  '°"'^''  '"'■^"*^^  '^  «''''^y  diminished  and,  in 
^       -quence,  there  the  solutes  condense-  whether  they  ordinarily  tend  to 
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ralte  or  to  lower  surface  tension  at  the  luiuidair  surface.  As  far  as  has 
been  investigated  the  tendency  is  for  all  substances  in  solution  under 
these  conditions  to  concentrate  at  the  interface  where  the  tension  is 
lowered. 

The  degree  of  concentration  has  »)cen  invcstiRatcd  expirimentally 
by  Lewis,'  in  the  case  of  a  number  of  solutes.  For  this  purpose  he  allowed 
a  known  volume  of  a  hydro, aij.on  oil  to  a.HCend  through  aqueous 
solutions  in  a  t  dl  cylinder.  As  the  diameter  and,  consequently,  the 
niimlK-r  of  the  droplets  were  asccrtaine.l  the  tot.d  surface  area 
they  proe.ited  was  also  known.  The  oil  was  collected  at  the  Dp  of 
Me  cylinder  in  a  suitable  apparatus.  Each  aqueous  solution  contained 
a  substance  soluble  in  water  but  insoluble  in  oil,  viz.,  s^xlium  glyco- 
cholatc,  methyl  orange  or  Congo  red.  These  lowered  the  surface 
tension  in  proiwrtion  to  their  concentration  in  solution.  The  degree 
of  adsorption  of  ear  h  of  these  solutes  on  the  surface  of  the  oil  droplets 
was  from  twenty  to  eighty  times  the  theoretical  value  calculated 
according  to  the  Clibbs  formula.  Lewis  further  investigated  the  effect 
of  electnjlytes'  and  found  th  .y  manifested  a  similar  but  les.s  marked 
condensation,  the  adsorption  of  potassium  in  potassium  chloride 
solution  being  thirty  times  that  calculated.  Indeed,  in  all  ca.sos  the 
adsorption  uas  such  that  a  process  of  gelatinisation  at  the  surface 
was  suggested  as  an  explanation.  It  would  further  appear  that  all 
substances  in  solution  are  adsorbed  at  a  fluid-fluid  or  fluid-solid 
interface. 

Mayer'  has  shown  that  the  surface  tension  of  blood  plasma  is  lower 
than  that  of  an  isotonic  salt  solution,  and  this  would  favour  adsorption 
on  cell-lymph  interfaces.  We  may,  therefore,  perhaps  be  justified  in 
concluding  from  this  that  the  concentrations  of  jiotassium  on  the  renal 
tubules,  which  we  have  described,  are  the  result  of  surface  tension  differ- 
ences on  the  surface  of  the  tubules.  In  the  production  of  these  differ- 
ences mctaljolism  may  play  a  part.  We  know  that  the  oxygen  intake 
in  the  kidney  is  very  high,  indicating  a  considerable  liberation  of  energy, 
which  the  cells  may  transform  to  surface  energy,  using  it  either  to  obtain 
material  for  metabolic  purposes  or  in  the  functional  activities  of  excre- 
tion. The  excess  absorption  of  oxygen  during  the  period  of  diuresis 
over  the  pericxi  of  rest  in  the  experiments  of  Barcroft  and  Brodie'"  is 
equal  to  0.0401  c.c.  O,  per  gram  per  minute.  The  secreting  area  for  dog's 
kidney  has  not  been  calculated,  but  for  comparison  the  area  of  a  human 
kidney  of  similar  weight  may  be  given.  According  to  Piitter"  the 
secreting  area  of  a  kidney  of  45  gr.  is  2.2  m'.  Transforming  the  excess 
of  oxygen  consumption  into  dynes  per  cm'.,  after  allowing  1/20  for 
concentration  of  urine,  wc  find  an  expenditure  of  271.3  dynes  per  cm*. 
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wry  a„,K.  <..  ™;^':j:;;",;:;;,i7""'^ "  •"""•  """••*•■'"'•'  '>^» 

cfftct  w,.nKl  involve  als..  the  «xli..m   ™,  .  condensation 

the  metaLolites.  such  as  un^  am   ".        '  r'""?  ^"''  '"'^'"'"  "^"^  ^"^ 
chemical  reaction  fo   each  of  .S  '"''•  "'"*  '^  •''^^^'  ^"'^  '^  '"''■^0- 

po.as.sinn.  the  mZ^u^<^\':zTZ':;r  r  '^'^  r  ^""^••^^'-'^  f- 

lay<r,  although  jxrhap.    „  ev.  rv        '  ^^  *u"*  '""''  ^  ^""d'-nsation 

the  potassiunt  pUSo^s.^'i'  ^X om' v''"  '^  '""'""'^  '^^ 
concentration  of  the  rnn.l,  n     .        .  ^  ^"*    ^"'""ations  of  the 

theirsohuiotL:  uhts  kT  rn  ?"; "'  'f  ""^  ^•""^-"'•^  f-- 

falling,  through  such  ^  .u.i^n  «  ^^t  i  SfcTt  "'  T''  "^°^  '""'^"^^ 
concenrra.ions  may  greatly  exccc^lnr  ''"'^  ''"'""''y  '^'^^  '^' 

ccntrations  in  the  stluUo^.s  an  .    "'^  '   '^T"""'  P««'"'^ted  by  the  con- 

the  ca.  with  vJ:.:;::::^^^::^:'^^^^ 

tive  concentrations  of  the  sa  s  and  m  ,  '  '^^  'V""^^-'  '^'  '"'P''^- 
of  each  excreting  tubule  to  ,!  1  "'"''''"''''^•''  ""  ^he  external  surface 
the  l>mph.         '  "  '"'''^'^  ^'^^y  ^--^'^^'y  'heir  concentratiotts  in 

meable  to  the  .o^C.:':^^,^'^^  'T  °""?''  *^  '^'• 

and  other  salts  into  the  cell  would  bl^h  ^  ^^"'"  °^  P°»^«i"ni 

their  distribution  woul.l     '  aff med  bv    h       T  "  "'"  ''''''"' '"  "^'^^^ 

a  whole  and  of  its  indivdua    parts      t  !"       '  ''""°"  "'  ^'''^  ^^"  ^ 

would  occur.and  particula  'y  o,^  inte    ace  and      T'^'^'u  •^°"J->-»-n« 

tension  is  very  low.     In  fluids  U  i^  rnnT  '"'^''^"'  ^"^'^'''^  *^^  «"^f^« 

possible  that  in  a  collo^al  svm  m  Z^r^'^'^T  ""'"'^  ^"'^"^'y-  »^"»  «  « 

condensation  might  Tt  be  cffecT.H  "'  m'  ''"^'  ''^"  '""^trates.  the 

with  such  rapidi  y  as"o  ^eep  dow.t  .te'""""' '"'  ^'^^  '^  ^^'^  --' 
generally.  ^  ''°*^'  ""*=  concentration  in  the  cytoplasm 

of  ^::^':^^^x:^zi^:r'-'  t  ^: ''-  ^^°^-- 

seem  to  indicate  that  this  borde  of  ?h  c  M  J  ?  °^  '^'  '"^"'*-"  ^^^'^ 
compared  with  the  oth  surfaces  of  h  ^^  "  '^  '"^^^^^  ^'^"«'«"  ^ 
basal  one,  and,  consequentlv  oth  ''^"'\""'  ^"^  especially  with  the 
be  conden.sc.d  herralo  This  S  I?  "?'"  '"T  ''  ^^"*^'^'"'"  -«"'d 
be  maintained  by  a  constant  ex'!  "''  "' T^^''  '^"^'°"  <^«"W  o"ly 
>       constant  expenditure  of  energy  in   the  cell,  and 
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thiruu,,  wa^rv  fl  .  "  '"•""  7  '""  ^■■"'  ^'■■"^'  """«  •^"'1  metabolite.,  and 
sweeps  over  the  frc-  surfaces  „f  the  excreting  niial  cells  in  whi.  h  fh, 
surface  condensation  of  ,„,ta.Mun>  and  o.lur'ah.s  ob.l  «  Th'  1'; 
brane  of  each  cell  at  this  ,H.int  is  extraordinarily  thh  ITd  pre'unTablv 
pc-rjuea Me  to  water,  which,  however,  owing  to  tlu'  low  tc^.  trin  th  1e  1 

,?ln       T.     «     .        '  '""'  "'^■>'  'f'^'-^f"^^-.  ^-^M  dilTuse  only  into  the 

other  con>,K,unds  in  the  con.lensation  layer  would  not  cau^tt^  laue    to 

t    basal  S^^^^^^  '  '"    "'  '""^'  ^^  ^'^^'  '^"^'^  i**  ^■'"''^^^^'  to  "^alts  on 

IS  basa   iK^rder.  the  concentration  of  the  adsorption  layer  in  the  cell  at 

ThV/paralM  :,r";'  '-.-----^-      The  condensation  p^^s  wou  d 
thus  parallel  the  extraction  process  so  long  as  the  cell  is  in  activity. 

bordcrt  an?r"%'"  '"'''"  '""'""  '^•^"^■^•"  '""^  f^-  -"^  the  basal 
borders  and  the  surface  tension  in  the  lymph  on  the  external  surface  o 

actiMty  ot  the  renal  cells  and  to  the  comixjsition  of  the  Ivmoh  An,. 
thing  that  affects  this  metabolic  activity,  therefore  wo  Id 'af^^t  suffacJ 

b~nd  fr     ""f  ""•^;   1  ''"^"  ""'^■^'^"^•^'  "^  -^f-^'  tensiont    V  -:e,f  th 
basal  and  free  surfaces  of  the  cells  would  thus  be  diminished  or  enhanced 
n  the  former  case  the  elimination  of  salts  would  be  lessc-ned    in  the 
latter  case  it  would  be  increased.     On  the  other  hanH    Tl  T 

composition  of  the  ,.nph  must  influence'^ot  r^S  e^V.^Xre  : 
condensation  on  the  surface  of  the  tubules,  and  this  would  invSve  a 
les^nc^  or  increased    diffusion  of  the  condensed  salts  into  the  renal 

cell  a^n"d  of1r?''°r  'V^"  ''"^''''  ^'^"^•'^"  °^  '""^  '"'"-"  border  of  the 
eel  and  o  its  basal  surface  may  be  brought  about  by  diuretics  Thi! 
would  explain  the  results  obtained  in  the  dog's  kidney  under  the  nfluLce 
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o  phlondzw,  and  in  the  rabJm'n  kid.uy  i„  d.xtro^e  diur..U.  A  .ub- 
TZ'J        f~^»  ^^ry  viKurou,  .liun.,i,  may.  dirc.Iy  or  ind.rcctly. 

bawl  and  free  surfac.,,  of  the  excreting  renal  relU.  Thi.  would  explain 
many  d.flrerence.  ob..rved  between  .he  renal  cell,  in  very  markjd 
d.ure»«  and  the  renal  cell,  engaged  in  ordinary  acivity.     |„  the  renal 

"reL'L''""'"  """'"•  ':  "'""'^  ''^''^■"^'^•''-  »»'«■'  --clen^tion.  ar 
r  cgu  ar.  occurrmK  not  rarely  on  the  .urface  of  the  ,  ell  nuclei  and  the 
Ueral  wall,  of  the  celln.  particularly  u.  in  the  case  in  which  injection,  of 
potaaMum  wit.,  and  e.,KcialIy  the  io^lide.  had  bc-en  given,     similar  bu 
Ic*.  stnkmg  condensat,on«  of  ,K>ta,sMum  were  found  in  kidney,  in  diure.in 
iau«.d  by  mjecttons  of  sodium  sulphate. 

Potawium  salt*  were  occasionally  found  in  the  lumina  of  the  tubules 
n  all  preparations,  but  particularly  in  those  from  the  rabbit  that  had 
been  subjected  to  the  acti.m  of  dextros.-  after  the  animal  was  pithed 
In  these  the  amount  of  glo.nerular  fluid  formed  was  din.inished.  and.  in 
consequence,  the  potassium  diffused  into  the  lumen  of  the  tubule  from 
he  adjacent  condensation  layer  was  to  a  certain  extent  retained  in  the 
Hu.d  of  the  lumen  Where,  therefore,  jx^tassium  salts  were  found  In  [he- 
umma  of  wme  of  the  renal  tubules  of  unpithed  animals,  it  may  be- 

^^^r'^i   '""        "'  ''"'  '"  ''•"""^•^^■^  ^••■'•^'^y  °"  '^'^  P»«  °^  'heir 

th.  H""  ""'t""""  °^ '?'  occurrence  of  potassium  salts  in  the  free  space  of 
the  glomerular  capsule  was  obtained.  !««:"• 

Whether  potassium  in  its  salts  or  compounds  sor. . ,  in  the  kidney  any 
speaal  purpose  .n  renal  excretion  is  a  question  which  presents  itself 
L  eVtri"'"  "k  ^''17'J^'"=«»^'°"  •^y"^.  abundant  though  it  is.  cannot 
iltSh  fh'^K  *''"''■  °^  '^"^  ^'''■•'"'-•"'  ^^''^  "^'^"'«  '"  'he  kidney,  for 
mtSm  i^^"^?';"*-'  ''-■^''-'"'  "^  ^"  -"-^-dingly  sensitive  one  for 
ZdZTh  T  ^""""'''^''^  ^hat  is  below  the  limit  of  sensitivity. 

Indeed,  the  very  fact  that  tn  the  cells  of  the  convoluted  tubules  which 

UrlrTlr"'""  "'  '"'"^'"'"  '"  '''''  ^^''"P'^^'"  ^^J--'  '«  the  lumen 
D^tlSm  '  ""'T"""'  'y[y^'''^  't^'f  d"^«  n"t  give  a  reaction  for 
potas.s.um  IS  evidence  of  this,  for  the  condensation  itself  predicates  a 
certam  concentrat.on.  although  excessively  dilute,  in  the  Huid  system 
constituted  by  the  cell  as  a  whole.  ^ 

kidnfv  iHff  ^^  \^K  ""'''"^  'i^'"'  potassium  serves  a  special  function  in  the 
kidney  is  aflfordcd  by  analyses  which  the  author  made  and  which  show 

fro.:  and"d  '  ^""'""l  '^"l  ^^^'""^  ''■'  ''''  °^'^--    ^^  ^^is  purpose- 

frogs  and  dogs  were  used.      In  the  case  of  the  frog  a  large   number  of 

Sh^'.VT''''^  ^'"  u  ''''"''y  ^^^'^  ^'"'"^'^  ^^^^  '^""'^--te-d  in  bulk  to 
^^eigh  17-22  grm.;  each  mass  thus  made  was  carefully  dried  in  a  platinum 
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dk»h  till  .  con.Unt  Wight  wa.  obtained:   it  wa.  then  can-fully  inriner- 

ated  and  thr  nolubl.-  portion  of  the  a»h  txtract.d  with  hot  water  acidu- 

atcd  wuh  hy.lro.hlori.   acid.       I>..m  the  crmdaned  extraction  fluid. 

Ihe  cakiu-n  and  magnesium  and  th.-  .ulpl^uric  am!  phosphoric  acid* 

were  removed  by  precipitation  and  f.ltratun,.  and  the  rilt.atr,  treated 

with   hydrochloric  arid.  wa»  eva^x.ratid   to  drynew.   then   heated   to 

expel  any  trare*  of  ammonium  chlorido.      The  residue,  which  con»i.ted 

of  the  chloride,  of  wKlium  and  iK>taH«iu.n.  wa.  carefully  writhed,  then 

appropriately  treated  by  the  platinun,  me.h.xl  to  ,let.  rmine  the  amount 

of  pota«.um  preM-nt.  which,  calculated  a.  th..  chloride  and  subtracted 

rom  the  total  chloride  found,  Kave  the  amount  of  .Kxlium  chloride  pre«nt 

In  the  dog8    kidney,  the  wnu-  method  of  estimating  the  total  «xlium 

and  potawium  pre«:nt  wr.  u«.d.  but  only  one  kidney  wa.  UKd  in  each 

analyni.. 

The  analyM.  gave  the  following.— 

Frog 


Analyite. 

Sodium 

Potassium 

Na(-ioo  :  K 

1 
• 

Average 

0  1995 
0.3319 

0.160 
0.1974 

0.3031 

0  1995 
0.1897 
0.1974 

Dog. 

100  :  101.8 
100  :    86.3 
too  :  114.8 
100  :  100. a 

Analyses 

Sodium 

Potassium 

Na(--ioo)  :  K 

Average 

01995 
0.1746 
0.1657 
0.1758 
0.1846 
0.1798 

0.2227 
0  2335 
0.2471 
0.2394 
0  2452 
0.2356 

100  :  I II. 6 
100  :  128.0 
100  :  150.5 
100  :  136.3 
100  :  132.8 
100  :  130.9 

th.  hi J^  fr'  t'l'  f  ^^"'•^•'"^•"ded  the  sodium  and  potassium  of 
^e  blood  and  lymph  held  in  the  excised  kidney,  and  this  constitutes  a 
^urce  of  error,  for  the  more  blood  and  lymph  the  dog's  kidney  con- 
tains the  lower  is  the  proportion  of  the  potassium  to  the  sodium.  Abder- 
haldens"  analyses  of  dog's  blood  gave  0.2721  per  cent,  of  sodium  and 


^^SL^Sm  J  fc^*  At**-  «.  3  - 


^ 
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jn  h  h.t.  no,  U.,.n  .iH.rn.i.u.l.  hu,  i,  .an„u.  I.,  very  .lirtrr.nt  fr^J 

rm„ .1  «„.|  ,„  ,hc  ^.r„,n  a. . o,.li,.«  ,..  AU|.  rhuM.  n'.  and>«..  ,h.  ...lium 
.n.  ,K..a«.um  arc  o,,75  and  ooa,;  ,...r  ccnr  r.^,.^.U^|y.  «,  in  ,,  ! 
projK>rfiim  of  loo  :  6.8.  /i   "•    in  wu 

b  po,a..u,„  than  .h..  ..(.kkI  or  I.U.I  ,.,..,„...  while  it  wuuU  cci  u  . 
much  I.  M  HCHlmm  ,han  tht- 1,1.  .h|  .,r  M.mkI  (.lannu 

WmkI  ,n  th-  f  -K   a.ul  ,on.,.,,,Kn.ly  one  .unnut  .l.-t.-rmine  whcth.-r  ih. 

mnh...!  l,y  .he  u„aly«.s  of  ,he  .loK."  ki.|«ey..  it  would  ap.Har  ^  if  .h.,e 
were  no  ..npor.an.  .lirterencc  l,ctwee„  the  two  iKriJ  of  anahU  n 
regard  to  the  |x,taw.iuni.  •»"•»•>"«.•  ui 

^xfiuL^'"  ''k''?'.'.  "'"/'\'  "">  ""''*"  '"  ^'''*^''  t"''^""!""*  i-  richer  than 
u.  thrtt  and  a  half  time,  as  ainindant  a.  the  M.Hlium.  and  StokUa'^ 
de  emuned  that  the  drie.l  pancrea,  of  the  pig  containn  ,.u«  xr  cauof 
P<>ta^.um   .nd  o.,8  ..r  eent.    of    Ko.liun..      It    i.  alM>    known  f run 
b  ImoX'!  '    '"^''^■"  ""•*'  '"^*'*="''"'"  "'  ^'-"'"^  ''""«-'  •^"cXTd.  the  «xliun. 

pnJlTre"ver?""r    ""'^  ';"''"''^'  '"   •'"'  P''""'""'  "'^'   '"•^'^t-"^' 

of  the      r  r       '""^  '"  ""'""^'^  ^"  »''^"  ''""'-'y  ^^■f^'^'ivx.  portion 

of    he  «arcou»  elements  m  which,  there  i.,  reason  to  iH-lieve    the  chiJf 
metaboLc  pr-xes^-n  of  the  f.bre,  occur.      It  i.  not  at  al  lunl  kl  tha 

..nu  Ur  rule  .s  niled  by  the  element.  In  the  active  kidney,  as  8hown 
by  u.  conM.mpt.on  of  oxygen,  the  nutalx.Ii.m  i.  very  pronounced  anS 
co„..querjtIy  .t  nuy  Ix-  suggested  that  here.  al«,.  th'  potaJum  ^1 
abundantly  present  .s  „.  «,me  manner  associated  with  that  metaW.' J! 
One  muHt  not.  however,  exclude  the  ix)ssihility  iluit  potassium  is 

Tn  sulc'"'  T  ^'""'^  ''T''  '"•^^""-  ^'  ^  '"--'  ta.dency7orrn:! 
on  surfaces  of  systems  aflfected  by  low  surface  tension.      From  Lewil? 

rcpcScTy":"''  '""    ^'^"'"'"'-'*  ^•''-  *h-h  *crc  given  for  Na.C  and  K.O 


M'X 
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oWrvMbfii  alfraily  nirm-,!  to.  it  wa„|,|  appe«,  ,h«t  tome  nfJiitr.  in 
•wh  tyttrnw  umlifKo  ccm.lrnMii<m«  .lifl.  rinu  i"  rim.rtiiraiiwi  (.,r  f«ch 
•olutf.aml  ixitauium  from  it.  .hlori.!.-  roiuUn-,.  nu.rr  thanwivrf  dora 
(rom  itt  nitrate.  Ttu.-  r.bii,m  ..(  ,«,t.i«.ium  to  Milium  in  ihi«  rr,i».t 
wa«  not  ii.vr«tigati-d.  Lut  onr  may  Mi»,H,t  ilun-  i.  a  diir.r.nrr.  i^rhat* 
an  lmp.mani  .mr.  Tlii»  miuht  a...,.,»i  f„r  th.-  r..ntr.iM  l*-iwrtn  the 
•o.hum.  which  i.  o.^i73  |»r  ..,,.  i„  ,hr  «rum  .w..l  o.i-M,  p,.,  ont  in 
the  lii.lmy.  .m  th«-  .mr  han.l,  ami  on  thr  uthrr.  the  ixrta-ium.  whi.h  ii 
O.oai7  pir  cnt,  in  thr  wrum  ami  o  tW,  int  nm  in  thr  kiiln.  y.  Th« 
KMltum  i»  thua  .irtrea^.l  44  ,«  r ..  nt  .  whilr  thi-  |>..i.in»ium  i»  imrra»rd 
over  i.KK)  p.r  nnt,  St.,  h  a  .liff. r, n..-.  a.  •uKKt-Mr,!.  in  thr  drgrrr  o{ 
con«lit.wti„n  w..ul.i  furni.h  an  vKi,UnMum  f„r  ,»„•  .Jirt.rtiu,-  in  the 
quantiti«  «f  «Hlium  an.i  |«.ta*Hi.,n.  in  tli..  .L.ma  ur  nrum  whith  are 
m  thf  propyrtion  apiiroxinuti  ly  of  15  to  t 


V.   SlMMA     If. 

I.  The  joilium  cobalt  hrxanitrite  naKPnt   (f'(,N.i,(\0,>,-f.nH,0) 
ai  prrpar.  .i  |,y  Proff«,„r  Muallu.n.  i»  a  .uiial.lo  r.agcni  fy,  the  lixaluai 
turn  of  jM)ta<tsiuni  in  l(i<iiny  tiMBiic. 

a.  It  id  c*m-nti.il  that  th.-  tissm-  Ik' fr-wn  while  [Mrf.rtly  frmh  and 
that  the  «cti..m.  prepared  from  it  \k  lc.pt  frozen  until  iluy  totnc  in 
contact  with  the  reagent. 

3.  There  is  a  definite  I.h ali/.iiion  .f  potas^'vim  on  the  external 
«urface  of  the  convoluted  lubule»  and  fre.piently  al«mt  their  lumina 
as  Well. 

4.  The  uniformity  of  this  lorali/ation  alnrnt  the  tul.ules  tends  to 
increase  m  <lirert  pro(M,rtioti  to  the  state  of  activity  of  the  kidney. 

5-  In  the  resting  cm.lition  or  during  ordinary  activity  the  «mly 
potassium  de.nouMral.le  in  the  cytoplasm  <.f  the  c.  lis  of  the  convolute«l 
tubules  18  c  udensed  in  a  la>tr  immediately  adjacent  to  the  lumen 
border  in  each  cell. 

6.  This  lotalizatitm  appears  to  be  in  accordance  with  surface  tension 
phenomena. 

■>.  The  prcsctice  of  potassium  in  the  lumina  of  the  tubules  and 
al>sence  of  potassitim  in  the  glomerular  cavity  is  evidence  that  the 
inorganic  salts  are  excreted  by  the  tubule  cells. 

8.  No  evidence  bearing  on  the  manner  in  which  the  glomcrtili 
Iierform  tiioir  funeiiun  was  obtained. 

9-  In  no  instance  was  any  potassium  found  in  a  cell  nucleus. 


v., 
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10    The  •mcHini  .rf  p..t.«.i,.m  in  th»  kUlnry  of  the  <1.«  »n.|  »v«i  ,.' 
the  Amount  or  potAMiuro  in  lh«  bloutl  or  iJawiwi 


•  J''-«''to»ckn..wlrtIgrthrliln.|crhiri«t..ndAdvirrwhkh  lrrf»l.^l 
duHni  thr  p„nirri«  .,{  ,hi,  work  fr..,,,  |>rofr««.r  M*.4Uuni.  .t  who- 
•uiiwtlon  mkI  uiukr  wbow  gutdAoce  it  wm  carted  out 


••  ^i,»^  /' 
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a. 
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\'II.  Explanation  of  Plati -.. 

The  figures  were  drawn  with  the  camera  lucida.  The  distribution 
of  potassium  salts  is  indicated  by  the  lilack  sliading  which  represents 
the  cobaltous  sulphide  reaction  given  by  the  triple  salt  of  potassium 
oodium  and  cobalt  hexanilritc  when  ammonium  sulphide  is  applied  to  it. 

Fig.  I.  Kidney  tubule,  frog,  diuresis  with  KjHPO,;  the  potassium  salts 
were  waslud  out  of  the  freshly  cut  section,  which  was  then 
treated  with  the  cobalt  and  sodium  hcxanitrite  reagent  in  the 
usual  way.     X  820. 

Kidney  tubule,  frog  in  inanition.     X  820. 
Kidney  tubule,  frog,  in  the  dorsal  lymph  sacs  of  which  ^  c.c. 
of  30  per  cent,  dextrose  solution  had  been  injected  4  hours 
befcro  it  was  killed.       The  frog  had  previously  been  kept 
several  days  in  a  room  of  about  20°C.  temperature.     X  820. 
4.  Kidney  tubule  of  frog  which  had  been  kept  for  several  days  in 
warm  room,  then  pithed  and  injected  with   I   c.c.  of  half 
saturated  NajSOi  solution,   17'^  hours  after  which  it  was 
killed.     X  820. 
Kidney  tubule,  frog,  taken  from  cold  room  (temperature  about 
io°C.),  into  the  dorsal  lymph  sacs  of  which  4  c.c.  of  30  per 
cent,  dextrose  had  been  injected  four  hours  before  it  was 
killed.     X  820. 
Fig.    6.  Kidney  tubule  of  frog  which  had  been  kept  for  several  days  in 
wann  room  and  into  which  4  c.c.  of  a  half-saturated  solution 
of  Na2S04  had  been  injected  two  hours  before  it  was  killed. 
X  820. 
Fig.    7.  Cells  from  kidney  of  frog  which  had  been  subjected  to  excessive 
NajSOi  diuresis.      a,  leucocyte;  b,  red  blood  cell;  c,  epithelial 
cell.     X  820. 
Kidney  tubules  of  frog  into  which  had  been  injected  4  c.c. 

fo  ^^HPOi  and  which  was  killed  two  hours  later.     X  820. 
Portions  of  two  kidney  tubules  of  frog  in  which  4  c.c.  ^  KI  had 

been  injected.      Animal  killed  five  minutes  later.     X  820. 
Portions  of  three  kidney  tubules  from  same  preparation  a 

Fig.  9.      X  820. 
Kidney   tubules,   dog,   A.C.E.   anaesthesia,   otherwise  normal. 
X  820. 
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Fig.  13. 
Fig.  14. 
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Fig.  15 
Fig.  16, 
Fig.  17. 
Fig.  18. 

Fig.  19. 

Fig.  ao. 

Fig.  ai. 


On  the  D„rR,BUT,ON  ok  Potass.cu  m  R..^  Cell, 

external  jugular    ^[dnev  excS       ""°"   ^"»  '"j'^"^*^  '"*<> 
glycosuria  conShionxsr        "  «^"    «    "^ne  ahowed 

"t'e.;:  ral"bh  tittJld^^T  ^"'  ^°"^°'"''^''  ^"''"'«'  -Pe- 
Blight  A.C.e!  a'^tttsTa    ''l.^'^^^V"""^'"'^'^  '^^^'"^  ^"^"« 

^t';•froL"ratb°t^rot:;V•T  ^"'  '^""-'"-^  ^""ule  re,pec- 

orewure  30  mm    He,.  J    "    V*^,'"'' ""^'^  ^''^ '^"^  =  blood 

dextrose  iiwTrmw"?erwerTnL^-^°''=  '''"^'""  ^^-^  8""'- 
vein.     X  8ao  '  '"^*''"*  '"*°  '^'  '"t^nial  jugular 

Tubule  of  Henle'.  loop,  cat.  normal  condition       v  «,o 

Convoluted  tubule,  pigeon,  normal  conditioT'  x  8ao 
Kidney  tubule,  fcetal  kitten.      x  8ao  ^°- 

^n  Xtlnum" "^83?^' "  ^'-^^-  -^--  -^-1  .ept 
""fI^T-'^IJ--  --  -^-'  ••n<iicau.d  in  the  case  of 
Bowman's  cap.,e.  f.g.  f.m  same  specimen  as  in  the  case  of 

"oTl!;;.  ""xTao"'"'^'  '"''■■  '•  ^"^^-  -•-=  *.  creeper  view 
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I'tlVklOLOt^KAL    ^taiti 


No     I      Tht    *iruciur«.    m 


icro-ihtit«t«tr\    .iiivl    J>,m  vloprntui    of 


n«rvt.i»ll».    Miih   »pci,i4l   r«f«r#nv«   to   iturir    inu  lem   wom 
pdundi,   b\    r     il     Svort 

No.    i  :   On   Iha  i>tuUi|;>   uf  tit>n-ttuvl«aickJ   t<r|;4iii'.iii«,   b\    V 
J     Oh««rv4tioii»  i>fi  hloKi)  pr«»<.iiff,  In   K     I)    Kitmif 
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No 

No 
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